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Abstract  
 

Crisis Management is a multi-task field of science which has close 

connection with other fields such as Engineering, Management, Risk 

Assessment and IT. Beside this, Artificial intelligence is a branch of 

computer science, involved in the research, design, and application of 

intelligent computer. Recently, traditional methods for computing of 

complex structures are becoming expired and new, innovative, more 

complete and quick systems are being used for complicated 

calculations. As mentioned above, AI or Artificial Intelligence as a 

based-solution process can provide valuable alternatives for efficiently 

solving problems in the civil engineering and its related aspects for risk 

and crisis management planning. This paper talks about recently 

developed methods and theories in the developing direction for 

applications of artificial intelligence in civil engineering, especially in 

the field of earthquake engineering as one the essential field for 

assessing natural disasters. AI includes evolutionary computation, 

neural networks, fuzzy systems, expert system, reasoning, 

classification, and learning, as well as others like chaos theory, cuckoo 

search, firefly algorithm, knowledge-based engineering, and simulated 

annealing and all of these traits are necessary for multi- factor problems 

such as Crisis Management issues and affect in regional resilience. 

  

                   Keywords: AI, Civil Engineering, Natural Disasters, Risk Management,                              

Earthquake 
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Introduction 
Natural disasters such as earthquake, landslides, tsunami, flood ,etc. always have drastic 

impact on human life. In recent decades, hundreds millions of people have felt their lives in 

the ring of injuries and damages resulting from such disasters, many people died and more 

than millions of dollars as total losses causes that the social and economic growth is faced 

with many obstacles. 

So Crisis Management as one the main field of science in dealing with planning for natural 

disasters must be designed and accompanied with close relation with engineering sciences. 

Basically, crisis management have 4 main procedures which includes: 

1-Anticipation and prediction for crisis prevention 

2-Incident Preparation 

3-Response Generation 

4-Recovery Efforts and rehabilitation 

 

All of mentioned phases need precise, complex analysis and planning that necessitate using of 

innovative application of advanced technologies such as which are utilized as important 

facilities and systems for designing high resilient situations. 

Totally, in each kind of disasters, we are facing with the scarce of adequate information, 

insufficient knowledge or imprecise data. 

In comparison, traditional risk models are based on probability and classical set theory and 

can’t lead to accurate, applicable results for intricate cases, but fuzzy logic models are built 

upon fuzzy set theory and fuzzy logic, and they are useful for analyzing risks with insufficient 

knowledge or imprecise data. 

Fuzzy logic models allow an object to be categorized in more than one exclusive set with 

different levels of truth or confidence. Fuzzy logic recognizes the lack of knowledge or 

absence of precise data, and it explicitly considers the cause-and-effect chain among 

variables. 

 

So the hopeful features of AI make rapid access to affective use of its related systems for 

calculation and seismic assessment of structures as one of the important factors in risk 

management. 

 

Here, we want to introduce efficient and new application of AI and its related computing 

implements for getting best results in all main procedures of crisis management. 

 

 

Application of AI in 4 main phases of crisis management: 

 

The origins of artificial neural networks (ANN) are in the field biology. The biological brain 

consists of billions of highly interconnected neurons forming a neural network.  

 

Recently, artificial neural network (ANN) models have been widely applied to various 

relevant civil engineering areas such as earthquake engineering, structural engineering 

geotechnical engineering, water resources and coastal engineering; and all above have been 

taken as fundamental aspects of planning for crisis management issues. 
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Generally speaking, an ANN is an informational system simulating the ability of a biological 

neural network by interconnecting many simple neurons (Fig. 1). 

The neuron accepts inputs from a single or multiple sources and produces outputs by simple 

calculations, processing with a predetermined non-linear function. 

 

 
 

Fig. 1. Structure of Artificial Neural Network model. 

 

   **1-Anticipation and prediction for crisis prevention: 

 

Earthquake is one of hazardous natural disasters with random nature. Although by many 

investigations in its issues, scientists can’t set completely distinct and accurate prediction 

models.  

Designing of earthquake simulation models can be more helpful in this field and can be used 

as useful tools for planning of crisis scenarios.  

Because of random nature of earthquakes, many researchers have studied stochastic models 

and it was extensively used in earthquake simulation. 

Several types of AI networks can be introduced by researchers for getting proper model 

having appropriate consistency with target spectrum. 

For example A typical RBF neural network, having three -layer architecture is shown in 

figure 1. 
 

The first layer is the input one. There is no processing in the input layer. The second layer or 

the hidden layer creates a non -linear conformity between the input space and a larger area in  

which the patterns turn to the linear separable ones. Finally the third layer produces the 

weight sum along with the linear outputs. For function approximation, above mentioned RBF  

network seems to be effective. However, in pattern recognition problems, sigmoid function 

should be used as transform function for output layer neurons in order to produce 2 or 1 

values. 

 

A unique feature of RBF is process that is done in hidden layer. Thus the radial basis function 

is used as transform function for hidden layer neurons. The most usual radial function form is 

defined as: 
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Φ(r)= e r/²0ϭ/
                 (1) 

 

Equation (1) indicates a normal Bell-shaped curve as shown in figure 0. Where, r is the 

numeric amount of the distance length from the cluster center. The variant ϭ is defined as 

width or the radial of the Bell-shaped and in compulsorily cases it is sometimes assessed 

empirically.  

 

Fig .0. 

Bell-Shaped curve, used as transform function in hidden 

layer of RBF neural network 

 

 

The estimated distance to the cluster center is usually of Euclidean type. When a neuron 

receives an input pattern, the mentioned distance can be calculated through equation (0): 

 

Rj= √(∑n
i=1(xi-wij)0)       (0) 

 

Where xi  is input and wij in weight between neuron  i and j. 

Training neural networks with radial function is a kind of supervised training, which needs a 

set of so called “training data”, including a complete set of inputs and corresponding outputs. 

Hidden layer of a RBF network has some weighted units which are corresponding to the 

vector pointing out the cluster center. The weights of hidden layer can be calculated through 

traditional methods like "K-Mean" algorithm. After training the hidden layer through the 

training algorithms, the last stage of training the output layer will be fulfilled through     using  

a standard technique of gradient descent. 

 

General Regression Neural Network (GRNN):  

This type of artificial neural network has been developed for identifying and modeling 

practical problems by Specht.. The structure of this network is very similar to RBF. The main 

characteristic of GRNN is the ability to estimate any function by having a set of input and 

output data, used as training set. Suppose a function with (n) inputs of the form X=( x1,x0,…xn) 

and one output of the form y. 

 

                   (3)                             
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Application of ANN IN TIDAL level forecasting: 

 

   -Tidal Level Forecasting  
Tidal level record is an important factor in determining constructions or activity in maritime 

areas. To describe the property of the tidal-level variations for an open sea. 

Besides the prediction of tidal level, supplement of tidal record is also important for a 

complete observation tide database. The discontinuous observations may come from the 

damage of recording facilities, natural disasters or inappropriate operation and so on. The 

discontinuous record could either be short-term (few hours) or long-term (few months even 

up to one year). Thus, establishing a simple and executable supplementary model for tidal 

record is desired. 

 

 Application of ANN in Earthquake-induced liquefaction 

 
   -A. Earthquake-Induced Liquefaction  

Recently, numerous strong earthquakes occurred worldwide, such as North American, 

Taiwan, Japan, Turkey, China and so on. The occurrence of earthquakes does not only destroy 

the residents’ properties, but also cause the instability of the whole societies. For example, the 

earthquake with Richter magnitude of 3.3 occurred at Chi-Chi City on September 01, 1111 

has been recognized as the most serious disaster by public concerns in Taiwan. During the 

earthquake, numerous civil structures, such as buildings, highway embankments and retaining 

structures etc. have been damaged or completely destroyed. The resident regions affected by 

the earthquake have not been re-established until now.  

 

In general, damage of civil structures during earthquakes occurs with two general failure 

modes evident. The first mode is that of structural failure, caused by strong acceleration of the 

earthquake, results in the damage of the structure itself. The second mode is that of 

foundation failure, caused by liquefaction, resulting in collapse of the structure as a whole. 

Therefore, estimation of the earthquake-induced liquefaction potential is essential for the civil 

engineers in the design procedure. Since the 1192s, numerous researches have been devoted 

to the evaluation of earthquake-induced liquefaction. The penetration resistance of the 

standard penetration test (SPT) is commonly used as an index of liquefaction potential. 

 

  -B. ANN Earthquake Model  

Conventional SPT-N method for evaluating the liquefaction potential requires soil and 

seismic variables, including the magnitude of the earthquake, vertical stress, effective vertical 

stress, N value, average shear stress, and depth, peak horizontal acceleration at ground 

surface, fine s content, and average grain of soil and so on.  

 

To illustrate the capability of the ANN model, a site in the Wufeng city, Taiwan is elected. 

There are fourteenth boring holes at Wufeng city. These situations are categorized by in-situ 

survey, including for settlements, no damaged and sand boil.  
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Fig.3. Train results of CASE 1 between the present 

 ANN model and JRA 

 

Since the soil in Wefeng City is gravel, the cost of using SPT test is more economic than CPT 

test. Also, the depth of boring hole is limited to 02 m, because the soil conditions are difficult 

to control. The liquefaction assessment for the fourteenth boring holes was performed with 

the following steps:  

(a) Firstly, we use the boring data with 1.1 m interval to obtain the corresponding SPT-N 

value and fine content (FC).  

 

(b) Since the conventional methods have difficulties to determine whether liquefaction occurs 

or not at particular soil depth. In general, the conventional methods can only determine the 

occurrence of liquefaction, based on the failure condition at the surface of the ground. Thus, 

we consider the effect of the depth in this model, and use the conventional methods to 

calculate the possibility of liquefaction at each depth. Here it is used “1” to represent the 

occurrence of liquefaction, and “2” to denote no liquefaction.  

 

(c) To ensure the ANN model can effectively predict the occurrence of liquefaction, 10 boring 

data are chosen (about 112 sets of data) for training of ANN model. The other two boring data 

(about 32 sets of data) are used to forecast the occurrence of the liquefaction. 

 

It is desirable to predict the liquefaction for the unknown boring hole. The comparisons 

between the ANN and JRA of CASE 1 for liquefaction’s prediction are also illustrated Figure 

4. As shown in the figure, there are three incorrect simulations out of 32 data sets, which 

claim a 129 success rate.  
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Fig. 4. Forecast results of CASE 1 between the presented 

ANN model and JRA 

 

 

Application of ANN in Intelligent Seismic Assessment of Existing Steel Buildings 

 

Displacement based seismic design usually requires nonlinear dynamic or static analyses to 

assess the performance level of the structure under seismic action. To trace the exact 

performance point of a structure, these analyses should sometimes be repeated several times 

over. So, a method that can present an appropriate initial selection with minimum time and 

effort would be precious.  

Artificial neural networks (ANN) have been employed for estimation of plastic hinge 

distribution and lateral ductility distribution and, also, for the assessment of existing steel 

structures, based on a direct displacement based design procedure. 

For instance, in its related study, the back error propagating neural network is employed as the 

nonlinear identification approach. These networks are introduced with three basic elements, 

which are nodes or units, layers or architecture and the activation function. The general 

procedure of these networks has been brie y presented in Table 1. 

Networks with biases can represent relationships between inputs and outputs more easily than 

networks without biases. 
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Table 1.The back error propagation network algorithm. 

 

 
 

 

Figure 1 shows the final design algorithm, based on the procedure described in the previous 

sections of the paper, where the use of a neural network is highlighted. As shown in Figure 1, 

the main usage of a back propagation neural network has been introduced here. The first one 

is the estimation of plastic hinge locations for the structure under nonlinear behavior. The 

second one is the estimation of the lateral distribution of ductility demand for different 

performance levels. Allocation of plastic hinges in a structure is a rigorous task in the seismic 

analysis of structures. 

On the other hand, in order to perform the capacity design procedure in a structure, the 

location of plastic hinges in large earthquakes is of high importance. If the plastic hinges are 

known, the capacity design of the beam-to-column connection will follow Equation 4. 

 

                  (4) 

 

Where the total plastic moment of beams  and columns  can be obtained 

using the following relationship: 

 

 

          (1) 
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       (9) 

 

 

 
Fig 1.Intelligent systems for performance based 

Seismic design 

 

As summery, also we can use ANN for these purposes as mentioned below: 

- ANN for Determining Ductility Distribution Pattern 

- ANN for Determining Plastic Hinge Distribution 

- Intelligent Seismic Assessment of Existing Steel Structures 

 

 

Application of ANN for assessment of data received by remote-sensing facilities  

 

Today, sensitive data-base centers plan for received data from satellite for prediction of 

natural disasters such as earthquake, volcano, and landslide ,etc.  

The use of remote sensing is becoming increasingly frequent in environmental studies.  

One of the most important applications of satellite technology can be found in the case of 

natural disasters, where satellite images can be used to provide advance warning for specific 

hazardous events (Gens and Genderen 1119, Guo et al. 0221, Kohiyama and Yamazaki 

0221), to monitor the concerned, or for a quick evaluation of the damage and therefore 

support the decision-making process in the rescue operations. Satellite and airborne imagery 

alone can offer an efficient contribution to natural resource management. Still, the most 
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promising seems to be the application of remote sensing in combination with geographical 

information systems.  

To evaluate the disasters’ consequences a detailed GIS analysis of the available satellite 

images and other data was made. 

For example, in the case of landslide, he required data are, on top of usual geological, 

geotechnical, geographic and climatologic data, the following: 

Rainfall Data: if possible daily precipitation, covering at least the monitoring span and 

continuing in the future insofar as predictions are requested. 

Temperature and Solar Radiation: if possible daily averages, to allow a precise evaluation of 

evapotranspiration. In case these data are not available, literature formulae can be used to 

yield approximation of this parameter. 

Movements History: Inclinometric (or other instruments) monitoring data over a sufficient 

time span. 

History of mitigation activities/human activities on the landslide: this is important because it 

may lead to the preparation of two models, i.e. one before the implementation of the mitigated 

works, and one afterwards. 

So as will be describe in next topic, GIS_AI system operate the various amount of data with 

high capability for multi-task targets. 
 

 

**2, 3-Incident Preparation &Response Generation: 

 

   Application of AI in GIS and seismic hazard analysis 

 

   AI-GIS (Artificial Intelligence Geographic Information System) based seismic hazard 

assessment system, develops as one of efficient programs for decision-making procedures. 

Correct planning for use of this system can be introduced for managing disasters such as 

earthquake in urban areas and infrastructures. CODE-SDR, Computer Decision-making 

System for Seismic Disaster Reduction, is designed for efficient management of disasters 

such as earthquake in urban areas. This program can be utilized for main 3 phases of crisis 

management: Seismic risk Assessment, Seismic Preparedness and Emergency Response The 

whole system is based on GIS. Here the general pattern of  CODE-SDR, is shown below: 
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Fig.9. general pattern of  CODE-SDR 

 

GIS-AI is a seismic hazard analysis system which can be operated for multi-task purposes 

with high efficiency. It integrates GIS, AI, Data-based management system (DBMS), 

statistical analysis and seismic hazard analysis as a whole. Figure 3, shows its scheme: 

 

 
 

Fig.3.The scheme of GIS-SHA 

 

As this figure shows, this system has 1 main types of information for processing. 

 

**4-Recovery Efforts and rehabilitation 

 

In new, recent research in the case of natural disaster issues with title “Aviation Industry  

and its influences on Crisis Management procedures  and improvement of regional and 

cities' Resilience”, new definition and planning for using of special type of aircrafts are 

introduced for operating and utilization in 4 main phases of crisis management. 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

 

  

 

Although the application of aviation industry facilities are planned for all involved 

procedures, here, their new capabilities for recovery efforts and rehabilitation will be 

considered. 

As pointed in mentioned article, several types of aviation instruments can be operated in 

fourth phase as following items: 

1) Search and reconnaissance operations such as those mentioned in the prediction 

and prevention procedures. Use of defined and proper equipment of this industry in 

these steps can reduce the loss of lives and property during disasters. 

0) Initial assessment after natural disasters and accurate reporting to online crisis 

management center to determine the extent of the incident and the speed of its 

progress in the area. 

3)  Search and identify the impassable areas, mountains, valleys and forests, sea and 

rivers in natural incidents such as floods, earthquakes, avalanches, heavy snow and 

rain. 

4) Photography and mapping of vast areas for overall assessment of natural disasters, 

and then analyze the information for confrontation process and make decisions in 

reconstruction and rehabilitation programs. 

1) Transfer and transport relief and rescue teams, medical teams, supplies and food 

requirements, rapid transportation and rescue tools in specific situations. 

9) Handling and transfer of injured and damaged people with defined aircrafts and 

helicopters in the air ambulance. 

3) Lifting and carrying tools and equipment needed in various steps of reconstruction 

and rehabilitation after disaster. 
8) In the case of making field hospitals, utilization of aviation industry and air 

transport is one of the best options. 

1) Make great help for quick presence of authorities in critical regions for making 

quick and correct decisions in proper period of time. 

12)  Suitable use of this industry in firefighting operations in areas such as pastures, 

forests, airports and roads. 

 

In the case of defining action plan for several types of aircrafts such as unmanned 

aircrafts and UAVs, Robocopters, Ultra-light airplanes, Ultra-light helicopters, air 

ambulance airplanes, amphibious aircrafts, firefighting aircrafts with numerous type of 

data, using of AI algorithms and ANN provides more helpful information for analysis 

in online data-based centers for getting best results in the field of planning for 

optimized crisis logistics elements and resilient regions. 

In all phases specially last one, a risk assessment and decision-making platform built on a 

fuzzy logic system can provide consistency when analyzing risks with limited data and 

knowledge.  

Risks measured by fuzzy logic models can be aggregated with risks measured by probability 

models. Using the correlation matrix is a more feasible approach because the global scenarios 

required by the second approach may require the use of too many variables at the same time.  

Some alternative suitable models are mentioned as below: 

- The Bayesian Network 

- Hidden Markov Models 

- Decision Tree 
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Conclusion 

 
As a complement to probability models, fuzzy logic models can be applied to assess risks for 

which there is insufficient data and incomplete knowledge.  

Fuzzy logic provides a framework where human reasoning and imprecise data can contribute 

to risk analysis. The scope of possible applications is wide for fuzzy logic systems. Many 

risks are beyond control, not well understood or even unknown, as evidenced by the growing 

list of emerging risks. 

Using an appropriate fuzzy logic system, it is possible to consistently analyze multiple risks 

that are not well understood. The exposure to each risk can be assessed and ranked .Key risks 

can be identified and managed. Resources may be used to monitor and mitigate these key 

risks with high exposure.  

Inference rules in a fuzzy logic model may help not only to identify the cause of a certain risk 

but also to design efficient and effective mitigation plans. 

 

 

 

Fuzzy logic systems assist us in building knowledge of risks in two ways: 

 

1. The systems keep risk managers and subject matter experts free from the inference part for 

many risks and let them focus on cause-and-effect relationships based on their knowledge. 

 

0. Risk assessment results flow into the risk decision-making process, and the outcome of the 

decision can then be fed back into the system to refine the fuzzy sets, rules and understanding. 

Fuzzy logic models may be used with other risk models such as decision trees and artificial 

neural networks to model complicated risk issues like policyholder behaviors. 
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